It has been demonstrated that significantly higher formate levels are produced when folate-106 deficient animals are exposed to MeOH, as compared to folate-sufficient animals (Lee et al. 107 1994; McMartin et al. 1975; Noker et al. 1980) . Sokoro and colleagues determined that the half-108 life of formic acid was 40 minutes in folate-sufficient minipigs compared to 120 minutes in D r a f t FASD: Folic acid and Formic Acid An unholy alliance in the alcohol abusing mother.
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found that neuronal cell death could be mitigated by folic acid.
118
There is an abundance of literature implicating acetaldehyde in the pathogenesis of 119 alcohol-related disorders, but to our knowledge there is no literature that has questioned the 120 role of formic acid in chronically alcohol abusing individuals. To better understand the 121 relationship between EtOH toxicity and FASD, it is imperative to consider MeOH and its 122 metabolite, formic acid, as potential contributors to the teratogenic effects associated with
123
EtOH. Accumulation of MeOH suggests higher-than-normal levels of formic acid in alcohol-124 drinking populations. When folate levels are low, elimination of formic acid is slower and its 125 levels are elevated (Sokoro et al. 2008; Noker et al. 1980) . Women who are folate-deficient and 126 consume alcohol may have higher levels of formic acid. Since animal studies suggest that formic 127 acid may be toxic to the developing fetus (Brown-Woodman et al. 1995) , should these women 128 become pregnant, their fetuses are at greater risk. In this paper, we review the role of formic 1977; Johlin et al. 1987; Makar and Tephly 1976; Palese and Tephly 1975) and the 142 predominant one in primates (McMartin et al. 1977) . Folic acid plays a major role as a coenzyme 143 in one-carbon metabolism and is a key participant in the biosynthesis of DNA, RNA, and certain 144 amino acids. Formate oxidation to carbon dioxide is dependent upon folic acid in rats, monkeys 145 (McMartin et al. 1977; Noker et al. 1980) , and humans (Johlin et al. 1989) . Although the liver is 146 the main source for folate, Neymeyer et al. showed the presence of folate and 10-FTHFDH in the 147 retina, optic nerve, and various regions of the rat brain (Neymeyer et al. 1997; Neymeyer and 148 Tephly 1994). In the brain, folate levels were found to be present at concentrations between 3% 149 and 14% of those found in the liver. The presence of folate and 10-FTHFDH in the brain suggests 150 that formic acid can be metabolized in this tissue.
152
Formate can cause oxidative stress by producing free radicals through the Fenton-like 153 reaction (Dikalova et al. 2001; Walling 1975 The rate of formate oxidation and elimination is dependent on adequate levels of hepatic 169 folic acid, particularly hepatic THF (Johlin et al. 1987; Tephly and McMartin 1974; Tephly 1991) .
170
Thus, significantly higher formate levels are achieved when the folate-deficient animals are 171 exposed to MeOH (Dorman et al. 1994; Lee et al. 1994; McMartin et al. 1975; Noker et al. 1980) .
172
Tephly has suggested that people with inadequate folate metabolism would be prone to the D r a f t FASD: Folic acid and Formic Acid An unholy alliance in the alcohol abusing mother. Frederick et al. 1984) . Toxicity to the visual system produced by either acute, subacute, or 309 chronic MeOH exposure share a common mechanism, which is most likely mediated by formic 310 acid (Eells et al. 1996; Murray et al. 1991) . Formic acid toxicity is likely determined by folic acid 311 and 10-formyltetrahydrofolate dehydrogenase concentrations, which have been shown to be 312 present in both human and rat retinas (Martinasevic et al. 1996) . D r a f t FASD: Folic acid and Formic Acid An unholy alliance in the alcohol abusing mother.
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The pattern and timing of maternal alcohol consumption play a significant role in the 1990; Jones and Lowinger 1988; Kapur et al. 2007; Roine et al. 1989) . 
